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POLYMER -ADHESIVE FORMULATION 
CONTAINING SORBENT PARTICLES 

Cross -Reference to Reliated Applications 
10 This application is a continuation-in-part of 

U.S. Serial No. 278,277, filed 21 July 1994, which in 
turn is a continuation-in-part of U.S. Serial No. 
247,520, filed 23 May 1994, which in turn is a 
continuation of U.S. Serial No, 089,971, filed 9 July 
15 1993 . 

Description 

Technical Field 
20 This invention is in the field of . transdermal 

drug delivery patches. . More particularly, it concerns 

adhesive compositions that are used in the patches. The 

compositions contain a drug_or jexcipient. that plastioizes. 

the adhesive . and thus ..impairs, the. cold ... flow properties of 
25 the adhesive and sorbent particles that absorb, the 

drug/ex'cipient and thereby reduce the plasticization and 

cold flow impairment'. ^ . 

Background 

30 1 f..,. Moist . transdermal paEches are in the form of as., 

laminated composite whose basal layer is composed of a * 
. presstxi^-'serisitive .acttiesive ^ayer ^which either 
. constitutes the principal . drug- containing layer of . the 
; " patch 6r^is in-line with the principal drug - containing - * 
35 layer. * The term "in-line" means that the adhesive layer 
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20 



25 



lies in che diffusional pathway through which the drug 
• travels -as it ' dif fuses from the principal drug-containin< 
element of 'the patch to the skin or mucosa . The 
.•principal -•^ruy-dbht:aining i, Wiement' of the patch is called 
che •<drug-VeserVolr^ -"Y In" 'a monolithic type patch, the 
drug reservoir- is. typically- composed : of a matrix of a 
pressure sensitive polymer : adhesive in which 'the drug anc 
opt ionally skin" permeation • enhancer or other . excipient 
is/are dispersed: In a simple monolithic structure, the 
drug reservoir also serves as the means by which the 
' patch is affixed to : the skin or mucosa and defines the 
basal surface of the' patch. 

In certain instances, the polymer adhesive 
component is plasticized or solved by the particular drug 
15 or excipient that is being administered: In this regard, 
the term "excipient" is intended to broadly .encompass ■ 
• ' skin ' permeation enhancers, solvents and other additives 
chat 'are intended to alter the skin permeability or 
release kinetics of the drug' from the patch:- Depending 
upon the particular loading of drug/excipient that is 
required; 'the adhesive may be plasticized/solved to an 
extent that the viscosity of the adhesive decreases and 
its cold .flow properties become .unacceptable. If this 
happens,, the adhesive composition will ooze o'ut of the 
patch and make the patch unusable or "ineffective. 

Particulate materials have been previously 
- added^ to plasticized polymer" adhesives of transdermal 
patches to increase the cohesive strength of "the adhesive 
and thus improve' cold flow: " Such materials act as 
30 cohesive strengtheners : " 'in this regard, U.S. 4 , 559 , 222 
discloses the ; addition of col loidal silicon dioxide to 
polyi'sobutylene "(PIB) adhesive to increase the "viscosity 
of the PIB and- cohesive' strehg'th of the "'PIB." Similarly, 
EPA 0524776 Al describes improving the cohesive strength 
35 of silicone adhesives that contain functional groups 



WO 96/22084 PCT/US96/00740 

- 3 - 

(-OH, -COO'H) by. adding solid strengthening .agents which 
hydrogen bond to the silicone, adhesives . 

Other references have added solid materials to 
the polymer adhesiyes. of transdermal .patches for purposes 
5 other chan improving the_cold. flow -properties of the 

adhesive. Fof instance, EPA. 481, .44.3 Al discloses using 
solid microparticles as carriers for the drug. EPA 
.02249-81 and commonly owned copending:, application U.S. 
Serial No. 107,323 filed August. ; 16, : 1993 teach that the 
10' adhesion of hydrophobic adhesiyes can be maintained by 
adding materials to the adhesive that will absorb water 
that migrates into the adhesive from the skin. 

Disclosure of the Invention 

15 The present _ invention is directed^ to 

maintaining the cold flow properties of certain polymer 
adh^sives used in transdermal, patches. that contain 
plasti.cizing drugs/excipients in amount (s) that would 
render the cold flow properties of. the adhesive - 

20 unacceptable. Cold flow, properties . are maintained by 

adding sorpt;ive materials to the adhesive that sorb the 
drug/excipient . The r sqrbed drug/excipient is ^thus" not 
free to p ; lasticize the adhesive . and impair its cold flow 
properties. In, this . invention the ?orptive particles act 

25 by : keeping a portion, of the drug/excipient f rom 

plastic i zing the .fidhesive, rather, than as. cohesive 
. strengtheners . ^ 

Accordingly, one aspect of the invention is a 
polymer adhesive formulation.ia the f orrn of a layer of a 

3.0" laminated, composite transdermal patch for- administering a 
drug and optionally cm . excipient , .at least one of which 
is capable' of plastici?ing the. polymer adhesive, said 
f crmui.ation comprising : 
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a) - a polymer adhesive that is ' substantially 
' : free of - functional', groups and- which, by itself .has 
. acceptable ; cold 'flow 'properties; . 

" J5) ; v said drug and optionally said excipient in 
: '5 an amount ; suf flcierifc 'so impair the 'cold flow properties 
' - ' of the polymer adhesive 1 ; " and ^ r K ■ " ~ 

c) y absorbent material -that sorbs a sufficient 
amount of the drug and/or excipient 'to maintain the cold 
flow properties of the adhesive at an. acceptable level. 
10 ; Another aspect of the invention is an 

improvement in a laminated composite transdermal or 
transmucosal' patch having a layer of a polymer adhesive 
•that is substantially free of functional groups and which- 
• contains a drug and optionally an excipient at least one 
15 of which is capable of plasticizing the polymer adhesive^ 
in an amount sufficient tfo impair th<e cold flow 
properties of the polymer adhesive . The improvement 
comprises- adding a sorbent material' to the polymer 
" adhesive that sorbs a -sufficient amount :of - the . 
20 : drug/excipient to maintain 'the cold flow propertieis of 
the adhesive at- an acceptable level . *, 

Still another aspect' of the invention is a 
method for maintaining the cold flow .properties of a 
polymer adhesive at ;an acceptable level, said polymer 
25 adhesive being in the form of a layer of a .laminated 
composite transdermal or transmucosal j)atch tod 
containing a drug and optionally an excipient, at least { 
one of which is capable of plasticizing the adhesive, in 
an amount sufficients to. impair the: cold; flow properties 
30 ' of ^the ^oLdhesiye", said method comprising including ;in the 
adhesive a' sorbent material /that sorbs a sufficient 
amount of the drug/excipient :to maintain ■'. the ; cold flow 
properties at .said level " .:. ; \ 
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Mocies for Carrying Out the Invention 

The adhesive^ formulations of the - invention are 
used to form a layer of , a laminated -composite transdermal 
... or transmucosal patch. The layer either constitutes the 
.-5 - drug ' reservoir of .the patch :or is . in -line wi-h the drug 

reservoir. Typically the .adhesive formulation layer will 
define the basal surface of- -the patch, i.e., the surface 
. that directly* contacts; the skin ox : mucosa when the patch 
,i-s worn. - • ■ . - * « - ■ 

10 - When the layer constitutes the drug reservoir 

and dje fines the basal surface of the patch, rhe patch 
will also typically include , a backing . layer hat overlies 
the adhesive ..layer . • ■■In addition, such patches will 
typically have a-. release liner layer that underlies the 
15. . adhesive layer prior to the time the patch is worn and 
which 1 is -remoyed from the patch prior to wearing. The 

composition and structure of backing layers and release 

v 

. liner /layers are .well..Ocnown in the art and do not require 
.reiteration .herein , The adhesive layer may also include 
20 other components,' such as non-woven fabric,., that are used 
in the manufacture -of: the patch.. 

* ^Whetn the- layer does- not constitute the drug"*- 
■ reservoir, the patch will include a separate drug 

reservoir. The:. drug reservoir may be in the form of a 
25., -matrix 7 (solid or semi-solid layer) - or a liquid reservoir 
- "formed .between other layers of the patch. v Such patches 
: z will . also include ar backing, layer and release liner layer 

• ?as described above. -They may. also include other layers 
.7 to provide structural support" or to control the release 
30 - . rate ^of drug from the -patchy- Layers that, control the 

• release ;ratei of drug :are - some times referred ;to as 
v- "release rate', controlling membranes" in the art. 

The polymer adhesive- component of the 
formulation is substantially free of functional groups 
35 (e.g., -OH, -COOH, ^-NH 2 ) that may interact with the 
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; sorptive material, , -such as .by hydrogen bonding or 
- • cgyalenf :bonding.- The 'term "substantially free" means 
. that the ::quantity -of. such- groups on the polymer, if any, 
. is so. lpw. that the .sorptive material is riot capable of 
: 5 interact-ingLwixh: :the; polymer "adhesive and functioning ad 
a cohesive strengthening agents -Examples of adhesives 
chatt .are subs tantiaily free of functional groups and 
which are useful in the present : invention are amine- 
. resistant polydimethyl siloxanes (silicones) , 
10- polyisobutylene, • block. copolymers of polystyrene and 
polybutadiene/polyisoprene such as certain-' Kraton, 
Morstik and. Durotak. polymers . These adhesives are 
hydrophobic. . - •■ 

T he drugs -and excipients that are. capable of 
15 .plasticizing the adhesive polymers are those that are 

liquid at normal room temperature and act as solvents foi 
the polymers. . Examples of such drugs are -nicotine, 
nitroglycerine, beriztropine, secovirine, and arecoline , 
Examples of such excipients are polyethylene glycol 
20 rnonolaurate (P.GML) , methyl laurate (ML> , isopropyl 

WT: 1 state,- methyl .oleate, 2- hydroxyethyl oleate, and the 
like. The amount of . such drug and/or excipient present 
in the adhesive formulation is sufficient to impair the 
: . c .°ld flow; properties P.t the adhesive in the absence of 
2 ? . i. an y other additives - ;■„ Cold flow properties, are also 

effected by the thickness of. the layer. With thinner 
layers, the minimum acceptable; dynamic, viscosity is about 
. .. IP 6 poises as measured with a Rheometrics RMS-800 

: rheomej:er ; at a -frequency of; 0 .001 rad/sec. at 25°C. With 
30 , ; thicker, layers (e.g. , . 10 mils) the minimum acceptable 
dynamic viscosity is., in the range of 10? poises. 
. Accordingly, . depending, on the thickness?, of. this layer, 
the, minimum acceptable viscosity, will -be:.- in; ; the range, of 
about 10 6 to. 10 9 poises: The drug. will, usually 
35 ; constitute .1% tO;;30% ..by ..weight . of the adhesive 
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formulation; more usually - 10% to 20% by weight . When 
- present, the excipient. * will constitute '1% to 30% by 
weight of the formulation, more usually 5% to 15% by 
weight. As indicated, they are present in combined 
5 . amounts -that would plasti.cize. the* adhesive in the absence 
■ of other -additives . . . 

- The. sorptive materials that are used in the 
invention* are .solid and particulate.- The particles may 
be regular g.r irregular irv shape- and may be fibrous or 
jL0, : nonfibrpus;;. They will normally be porous , Preferably, 
-. . they are able to sorb about 800% by weight of the 

sorptive, material, -normally 100% to 800%. The sorptive 
material will normally be present in an amount sufficient 
to sorb about 10% .to 50% vby " weight of the. drug/excipient 
15 present in- the formulation. The sorptive material will 
usually constitute .5% to 15% by weight of the ? 
formulation, .more usually -8% to -12% by weight . *^ 
: ~ . Sorptive materials that are useful in the *v 

invention have, chemical affinity for the :drug/excipient 
20 . ^nd are porous. Examples of such materials are porous 
silica gel/ .porous diatomacedus earth such as Celite 
; 'Micro-cell ;E, and sorptive nbnwoven polymers . u 
. ; As indicated previously, the sorptive -materials 

do. not maintain the cold f low properties of the adhesive 
25 ; . by. f unctioning primarily as a cohesive strengthener. 
* - Whether a material acts primarily * as a cohesive 
^ j cfStrengthener or primarily by the sorptive mechanism 

" described earlier can b'e determined- by comparing (1) the 
ratio of the viscosities of pure adhesive with sorptive 
30 * . .material to pure adhesive without sorptive material to 
(2) the ratio of the viscosities of the~ plasticized 
adhesive- (i:e. , ^ adhesive mixed with drug/excipient) with 
: sorptive 'material to 'plasticized adhesive without 
• . sorptive material; If 'the -quotient of (2) divided by (1) 
35 is significantly -greater than 1, the-material is acting 
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primarily. by sorption .rather than by cohesive 
strengthening... ..This quotient is sometimes referred to 
-herein as the viscosity index I. Adhesive formulations 
of the present invention , will normally have a. viscosity 
5_ index - greater . than cibout .2 . . A viscosity index < 1 

indicates, the material . is acting .primarily;,, as , a cohesive 
strengthened.. -. . y • . w V ; .. 

In addition, to the adhesive, drug (and optional 
excipient) , and sorptive material, the /formulation may 
10 also contain tackifiers, dyes, pigments, and other 

conventional' additives that do not deleteriously affect 
the mechanical or adhesive properties of the formulation. 
When the drug of the formulation is nicotine, the 
formulation preferably uses PIB as an adhesive, silica 
15 gel as a sorptive material, and a high Tg (i.e., 20°C to 
100°C) ESCOREZ® resin as a tackifier. 

The adhesive compositions of the invention may 
be formulated by conventional mixing and blending 
procedures used in the 'art. Similarly, the patches that 
20 include the compositions may be fabricated by 

conventional prior art procedures . See, for example, U.S. 
4 , 915, 950. 

The following examples further illustrate the 
adhesive compositions of the invention and their use. 
25 These examples are not intended to limit the invention in 
kny manner. 

Eawmplg 1 

Adhesive formulations were prepared by mixing 
3.0 various adhesives, nicotine/P§ML, and various particulate 
materials. The adhesives were: Dow Corning silicone 
4201 (an amine resistant polydimethyl siloxane containing 
. no functional groups) ; Durqtak polymethacrylate 2287 (an 
uncross linked acrylate containing functional groups) ; 
35 Morstik™ 103 (a polystyrene-polybutadiene block 
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copolymer) ; and polyisobucylene 1:5:2 (a 1:5:2 by weight 
blend of high molecular* weight; low molecular weight, and 
- polybutene) . The particulate materials' used were: Grace 
silica gel 63FP; Cabot fumed silica';, sodium starch 
5 glycolate; and calcium .steafate." 

Dynamic viscosity (fi*) tests of the . pure 
- adhesives with and without particulate" material and of 
the adhesive nicotine /PGML mixtures' with "and without 
' particulate material were made'. The tiests were made with 
10 a Rheometrics RMS-800 rheometer /at a frequency of 0.001 
fad/sec : at 25 °C. The details of these formulations- and 
the results of the viscosity tests are reported in the 
table below". ' ' ' ' 
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In the above cable, the viscosity index, I, is 
reported in the last column (mixture n*/n* divided by 
adhesive n*/n*) . As stated above, indexes in excess of 
are indicative of significant viscosity.' increase and thus 
cold f low improvement ef f ected'by the labove described 
sorptive mechanism. • ; i- 

Example 2 

A homogeneous mixture of 10V (based on the 
weight of silica gel plus; adhesive) silica gel (WR Grace 
63FP) in Dow Corning silicone adhesive 4201 was prepared 
by mixing appropriate amounts of silica gel and the 
adhesive plus solvent (heptane), in a .rotary mixer for at 
least two ho^rs.. This -mixture was coated onto a release 
15 liner layer fscotchpak"' 1022/3M) and a 100% polyester 
nonwoven fabric (3.4 mg/cra 2 Veratec Noyonette) was 
laminated onto the adhesive layer ; and the assembly was 
dried in an oven at 70°C for 1/2 hr. 

The silica gel/adhesive mixture was also coated 
2.0 onto a 0. 6- mij. .thick backing layer, (Schypbach) and- the 
resulting assembly was dried in an oven at 70°C fqr 1/2 
hr. 

Nicotine was deposited onto the nonwoven fa'bric 
of the release liner/adhesive/fabric assembly in a 
25 uniform pattern at 2. 8 mg/cm 2 . The backing 

layer/adhesive assembly was then' laminated onto the 
fabric. The resulting matrix layer (the combined 
adhesive ^laye^s) was. 3 50 microns, thick. The laminated 
composite was. cut jintb 3-0 cm 2 pieces, .with each piece 
containing approximately . 80 trig" nicotine. 



30 



Example 3 

! A homogeneous mixture of 10% (based on the 
weight of silicaf gel plus adhesive solids) silica gel (WR 
3 5 Grace 63FP) in Dow Corning Silicone adhesive 4201 was 
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prepared using a drive mixer with impeller and shaft.. 
The adhesive mixture is" "coated onto a release liner layer 
* : ; (Scbtchpak TM 1.022/3M)- by "me'aris of a coating knife. The 

adhesive solvent (heptane) was evaporated in a drying 
5 oven with three zones, spending approximately 4.5 minutes 
in each zone with temperatures set at ambieht ■', 250°C and 
'3 00°C. ' The' exposed dried adhesive layer was laminated 
under uniform roll' pressure' to the backing film (0.6 mil 
Schupbach) to form" the backing laminate, or to the 

10 nonwoven fabric ( 3 . 4 w mg/cm ■ Veratec Novbnette) to form 
the nonwoven laminate. The final dried adhesive weight 
of each laminate was approximately 20 mg/cm 2 , * 
corresponding to a thickness of* 175 micirohs. After the 
backing and nonwoven laminates"" we're combined as -described 

15 below, the total amount o£ adhesive in the final system 
was approximately 4 0 mg/cm 2 , or 350 microns. 

Nicotine was applied onto'^the nonwoven laminate 
via a fluid delivery system in a Uniform pattern at 
approximately 2.6 mg/cm 2 . The backing laminate was 

20* laminated td the nicotine treated nonwoven laminate ' under 
uniform roll pressure. Systems (20 cm 2 ) were die-cut 
from the fihal laminate using a rotary die . Each final 
system was piaced between two layers of pouch stock 
(Jefferson Smurf it) and the pouch stock was sealed on all 

25' -edges ."/ n ' \. 

T Example 4 ^ ' 

Laminated composites were prepared as in 
Example 3 except fbr the following differences^ A 
30 hbmogeri^ous mixture of i5%' (based on the c weight of silica 
g£l plus adhesive solids)' silica gel (WR Grace 63FP) in 
Dow 'Corning \Silicohe adhes ive""'420'i was prepared. The 
final dried Adhesive weight of each laminate was 
approximately 15 mg/cm 2 ; corresponding to a thickness of 
'35 13 0 micronsl : ^ After the' backing- and "nonwoven laminates 
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were combined, the. total amount of ' adhesive in the final 
system was approximately 30 mg/cm 2 '; or 260 microns. 
. Systems (30 cm 2 ), were, die_-cut f.rpm the final laminate 
using a rotary die... 

5 , . : . _ '/I \ ' - 

. Example 5 

Two different sets, qf prototype transdermal 
patches were made as follows.. 

Solutions of HMW PIB .(.Exxon Vistanex MML-100, 
10 _ M.W, 1,060, 000-,l # 440 r 0.00.) and. LMW. PIB (Exxon Vistanex LM- 
MS-LC, m,w. ,42 , 600-46 ,.10Q) in hexane were prepared. 
These solutions were added to silica gel (W.R. Grace 
Siloid 244FP) wet with hexane and either ESCOREZ® 1310LC 
resin, or. ESCOREZ; 2 ^ 5300 resin, tackifier and blended until 
15 t he : combined mixture was homogeneous. The mixture of HMW 
PIB, LMW, PIB , . tackifier (hexane excluded) was in. a weight 
ratio of 2:4:4, The • weight ratio, of that mixture to . 
silica gel. was 90:10. 

Each. blend was cast onto release liner film 
20 (Polyslik 2016, Release.. International) to a wet thickness 
of approximately. 15 mils and dried, A nonwoven, polyester 
film (Veratech Novonette) was laminated onto one segment 
.of ,ithe_ release liner -adhesive assembly and a polyester 
: ^backing film (Courtauld 100 gauge) was laminated onto 
25 another segment of that assembly. The laminates were 
die-cut into 20 cm 2 pieces. 

Nicotine was sprayed onto the ,20. cm 2 nonwoven 
, : polyester .assembly,, , the release liner was removed from 
\ the segment to which the backing layer . had„ been laminated 
30/^ and the : . two assemblies, were laminated together with the 
; adhesive side of. the _ backing, layer assembly contacting 
the nonwoven polyester . side of the other assembly. The 
resulting, laminated composite consisted of: the backing 
.... layer, a combined adhesive, layer in which, the nonwoven 
35 1>; polyester is imbedded, . and .a release, liner layer. The 
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thickness of the combined adhesive layer was 13 mils and 
it contained a nicotine loading of 2.9 mg/cm 2 . 

The adhesive layers of both prototype patches 
exhibited acceptable cold flow properties. 

• •- ■A-1?L patents- and -publications cited heretofore 
are incorporated- herein^ by" reference in their' entireties . 

V Modifications o£"the" aBove-described. modes for 
carrying out the invention -that are obvious to persons of 
skill in the field of transdermal patch fabrication are 
intended to be within the scope of the following claims 
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...... Claims 

' We claim: . 

5 1. A polymer adhesive formulation in the form 

of a layer of ^ a laminated composite; transdermal or 
" transmucosal patch for administering a drug and. 

optionally an excipient , ,at least one of which is capable 
" of plasticizing the polymer- adhesive, said formulation 
10 comprising: :: - 

a). a polymer -adhesive that is substantially 
free of functional groups and which, by itself has 
acceptable cold flow properties; 

. b) said drug and optionally said excipient in 
15 an amount sufficient to impair the cold flow properties 
of the polymer adhesive; and 

c) a sorbent material that sorbs a sufficient 
amount of the drug and/or excipient, to maintain the cold 
flow properties of the adhesive at an acceptable level, 

20 

2. The formulation of claim 1 wherein the 
adhesive is a silicone adhesive, a polyisobutylene 
adhesive, a polys tyrene-polybutadiene adhesive or a 
polystyrene -polyisoprene adhesive. 

25 

3. The formulation of claim 2 wherein the 
sorptive material is silica gel. 

4 . The formulation of claim 1 wherein the 
30 formulation exhibits a viscosity index above about 2. 

5. The formulation of claim 2 wherein said 
amount of said drug and optionally said excipient is 
sufficient to reduce the dynamic viscosity of the polymer. 

3 5 adhesive to below, about 10 6 to 10 8 poises. 
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6 . In a laminated composite transdermal or 
y" 'trahsmucbs-ai patch having a layer of a polymer adhesive 
: 'that is substantially -free of 'functional groupsand which 
contains a drug and optionally an' excipient at least one 
5 of which is capable of plasticizing the polymer adhesive 
in an amount sufficient to impair the cold flow 
properties of the polymer adhesive, the improvement 
comprising adding a sorbent material to the polymer 
adhesive that sorbs a sufficient amount of the 
10 drug/ excipient to maintain the cold flow properties of 
the adhesive at an acceptable level . 

7 ' The Patch of claim 6 wherein the adhesive 
is a silicone adhesive, a polyisobutylene adhesive, a 
polys tyrene-polybutadiene adhesive, or a polystyrene- 
polyisoprene adhesive. 
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8., The patch of claim 7 wherein the sorptive 
material is silica gel. 

9. The patch of claim 6 wherein the 
formulation exhibits a viscosity index above about 2. 

10 ■. the patch, of claim 6 wherein said amount 
25 of said drug and optionally said excipient is sufficient 
to reduce the dynamic viscosity of the polymer adhesive 
to below about 10 6 to Id 8 poises. 
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11. A method for maintaining the cold flow 
properties of a polymer adhesive at an acceptable level, 
said polymer adhesive being in the form "of a layer of a 
laminated composite transdermal or transmucosal patch and 
containing a drug and optionally an excipient, at least 
one of which is capable of plasticizing the adhesive, in 
35 an amount sufficient to impair the cold flow properties 
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of the adhesive, said met: hod comprising including in the 
adhesive a sorbent material, that sorbs a- sufficient 
amount of the drug/excip.ient to maintain the cold flow 
properties at said level J 
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